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Abstract 
River pollution in urban areas may pose human health risks, due to the exposure to chemicals through direct contact, as well as the 
intake of contaminated fish, agricultural products and water. Pardo River is an important Brazilian water body which flows through 
two economically important states (São Paulo and Minas Gerais), and it is currently considered as a future drinking water supply 
option. In the present study,  the concentrations of a number of herbicides (by Gas Chromatography with Nitrogen Phosphorous 
Detector-GC/NPD) and metals (by Inductively Coupled Plasma Mass Spectrometry-ICP/MS) were determined in samples of water 
and sediments collected along the Pardo River, São Paulo, Brazil, during wet and dry seasons. The presence of atrazine, ametrine, 
hexazinone and tebuthiuron was verified in water samples, being maximum levels 0.32, 0.27, 0.21 and 1.02 ȝg/L, respectively. 
Cadmium, Cu and Zn maximum levels were above national thresholds according to the CONAMA Resolution No. 357/2005 (3.33, 
14.6 and 408 μg/L, respectively). In sediments, the highest concentrations were observed for Al and Mn (29,414 and 9,531 mg/kg, 
respectively). In conclusion, the presence of environmental pollutants in water and sediments from the Pardo River is not 
insignificant, highlighting the potential risk for the population living nearby and in direct/indirect contact with river water. Metals 
detected above national thresholds may be coming from urban sewage, mining activities, fertilizers and industrial effluent. As our 
findings have important public health implications, we suggest a system of monitoring that needs to be implemented and can guide 
adequate actions to improve the resources quality. 
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1. Introduction 
Chemical contamination on river waters can originate from many sources, ranging from accidental or intentional 
discharges by punctual or diffuse pollution. Chemical pollutants, such as metals and herbicides, present toxicity and 
bioaccumulation characteristics that can be harmful for both environment matrices and human populations [1]. The 
location of the river, the status of the riparian forest preservation and the economic activities developed in the river 
basin are also decisive for surface water pollution. Thus, metals and pesticides monitoring in rivers which are 
developed intense industrial and agricultural activities is very important, in order to generate relevant information to 
the authorities, focused the environment and public health. 
The river pollution by metals and herbicides may harm the human health through direct contact, drinking water, 
contaminated fish and agricultural products irrigated with the river water. The human health effects related to the 
exposition to some chemical compounds include endocrine disruption, neural disorders and cancer [2]. 
Inadequate use of herbicides may affect the river water quality, can cause adverse effects on non-target species, air 
pollution from volatile substances, injury on non-target plants, wrong application timing or unfavorable environmental 
conditions at and after application, among others. It is known that the agricultural soil is the primary recipient of these 
substances, but adjacent water bodies are frequently the ultimate recipient for herbicides residues [3]. The estimation 
of the bioavailable fraction of metals by the calculation for a period of time by river water passive samplers is 
interesting because this fraction can cause toxicity and bioaccumulation [4]. DGTs is a passive sampling method based 
on a layer of resin impregnated on hydrogel to accumulate ionic metals and species, which are in labile equilibrium 
with those capable to bind to the binding agent [5]. 
The aim of this study was to evaluate chemical contamination in the Pardo river water and sediment related to the 
economic activities developed at the region. We conducted four sampling campaigns in six sites along the Pardo River, 
monitoring the bioavailable fraction of metals by passive sampling with DGT in river water and total metal 
concentration in sediment, and also the herbicides concentrations in river water. 
 
Nomenclature 
DGT Diffusive Gradient in Thin-Films   
PPA  Permanent Protection Area  
CETESB   São Paulo State Environmental Authority 
Al Aluminum 
As Arsenic  
Cr Chrome 
Pb Lead 
Cu Copper 
Mn Manganese  
Ni Nickel 
Zn Zinc 
Cd Cadmium 
Hg Mercury 
Tl Thallium 
Be Beryllium 
Sn Tin 
V Vanadium 
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ICP-OES   Inductively Coupled Plasma Atomic Emission Spectroscopy 
ICP-MS    Inductively Coupled Plasma Mass Spectrometry 
LOQ Limits of Quantification 
SPE Solid Phase Extraction 
GC/NPD    Gas Chromatography with Nitrogen Phosphorous Detector 
IS Internal Standard 
Rt Retention Time 
LOQ Limit of Quantification 
2. Methodology 
2.1. Study Site and sampling campaigns 
Pardo River is an important water body that is being considered as a future drinking water supply for some cities 
such as Ribeirão Preto, SP, and flows through two economically important states of Brazil (São Paulo and Minas 
Gerais). Pardo River has a drainage basin of 10,694 km2, covering more than one million inhabitants, has a course of 
about 550 km, and the region where the Pardo River flows is known as one of the major sugarcane producing region 
and for the landscape modification, such as the PPA removal [6]. For this study, six sampling points were selected 
(Fig. 1). Four of them (#1, #2, #4, #5) are currently monitored by the CETESB, the other two are the mouth of the 
Pardo River (#6) and the other one is the possible drinking water source for the city of Ribeirão Preto (#3). 
 
Fig. 1. Approximate location of study sites in Pardo River Basin, relative to São Paulo state in Brazil. 
Four sampling campaigns were conducted during the wet (January/2015 and March/2015) and dry period 
(October/2014 and June/2015). At each sampling site, a sediment sample was collected using Ekman dredge and 
polyethylene shovel. Water samples were collected in a glass amber bottle for the herbicides determination. In turn, 
DGTs (DGT Research, Lancaster, UK) were deployed in triplicates at each location for 7 days for the metals 
determination in river water. 
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2.2. Metal analysis 
The metals considered in this study were Al, As, Cr, Pb, Cu, Mn, Ni, Zn, Cd, Hg, Tl, Be, Sn and V. After dried at 
ambient temperature and homogenized, sediments were digested in Teflon bombs with HNO3 (65% Suprapur, Merck 
Millipore, Darmstadt, Germany) for 8 h, and heated for 80ºC for 8 additional hours [7], while the resin layer of the 
DGT was placed with HNO3 1M overnight [5]. After this, metal concentrations were quantified by ICP-OES (Mn and 
Zn) and ICP-MS. Water metal concentrations were calculated as reported by Zhang [5].   
The limits of quantification for the metals analysis are shown in Table 1. 
Table 1. Quantification limits of metals in DGTs and sediments. 
 Al As Cr Pb Cu Mn Ni Zn Cd Hg Tl Be Sn V 
DGT (μg/L) 1.0 0.2 0.5 0.05 0.2 0.05 0.2 0.5 0.05 0.2 0.05 0.1 0.1 1.0 
Sediment (mg/kg) 0.10 0.2 5.00 0.05 0.10 0.10 0.2 0.01 0.05 0.2 0.05 0.1 0.1 0.50 
2.3. Herbicides analysis 
The herbicides considered in this study were diuron, tebuthiuron, simazine, atrazine, ametrine and hexazinone. The 
analytes were extracted from river water by SPE using C18 disks (Sigma-Aldrich, USA) and all the utilized solvents were 
specific for chromatography (Fluka 99.9 % pure, supplied by Sigma-Aldrich, USA). The extraction was conducted at the 
temperature of 25°C, pressure of 15 Hg, methanol as filter conditioner and ethyl acetate as elution solvent. The extracts 
obtained were completely evaporated using a TurboVap LV® evaporator (Zymark, Hopkinton, USA). After the evaporation 
step, 200 ȝL of ethyl acetate was added for analytes resuspension and the quantification was conducted by GC/NPD by 
means of a CP3800 Varian GC (Agilent Technologies, Santa Clara, USA). 
The chromatographic separation was carried out on a DB-5 analytical column (5% Phenyl 95% 
dimethylpolysiloxane, 60m×0.25mmid; 0.25 ȝm film thickness) (Agilent Technologies, Santa Clara, USA). For the 
analysis, a volume of 1 ȝL of the sample extract was injected in splitless mode, with a column rate of 1 mL/min. The 
validation was conducted with the quantification of ultrapure water spiked with an herbicides mix solution (six 
analyzed herbicides in ethyl acetate) and triphenyl phosphate IS in six different concentrations levels, five replicates. 
The compounds were quantified by peak area ration (analyte versus IS) and identified by retention times. To calculate 
extraction recoveries, ultrapure water was spiked with herbicides mix solution, one before and one after the extraction, 
being afterward analyzed. The full list of herbicides analyzed and the validation details are supplied in Table 2. 
Table 2. Herbicides analyzed in the Pardo River water and validation parameters. 
Compound Rt (min) r2 Linearity (μg/L) LOQ Recovery 
Diuron 10.67 0.994 0.1-2.0 0.1 91.9 
Tebuthiuron 12.67 0.991 0.1-2.2 0.1 97.6 
Simazine 17.76 0.995 0.1-2.5 0.1 77.4 
Atrazine 17.94 0.995 0.1-2.5 0.1 93.0 
Ametrine 20.52 0.991 0.1-2.5 0.1 98.3 
Hexazinone 25.57 0.995 0.1-2.2 0.1 89.1 
Laboratory blanks were extracted with each sample consisting of 1 L of ultrapure water. No target compounds were 
detected in the blanks. For the quality control, ultrapure water spiked with known quantities of target compounds was 
taken and values were found to be agreeable to the spiked quantities. 
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3. Results and discussion 
3.1. Metal monitoring by passive sampler 
Five metals (Al, Cd, Cu, Mn, and Zn) were detected above the limits set by the Brazilian legislation for river waters 
in the DGTs deployed in Pardo River. Mean levels of these elements in both sampling campaigns are shown in Table 
3. 
Table 3. Concentrations of metals (μg/L) detected in Pardo River water by means DGT samplers, at six sampling points, and 
threshold values according to the Brazilian legislation. 
Sampling 
Point 
Al Cd Cu Mn Zn 
Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet 
1 70.8 175.4 0.1 1.0 0.8 5.9 183.9 772.1 26.0 90.1 
2 134.2 241.0 0.1 0.3 4.5 0.0 59.5 620.4 27.4 70.4 
3 367.0 238.5 0.1 0.3 1.7 11.2 150.0 501.1 30.9 57.7 
4 135.4 184.2 0.1 1.8 1.8 8.0 80.7 297.8 30.8 81.8 
5 320.5 93.9 0.1 0.3 2.9 7.6 142.1 410.3 37.6 116.4 
6 96.3 359.4 0.1 0.3 1.8 12.8 111.7 539.5 20.2 230.7 
      CONAMA [8] 100.0 1.0 9.0 100.0 180.0 
Of the 14 metals analyzed in this study, Al, Cu, Mn, Zn and Cd showed values above the limits established by the 
Brazilian legislation [8]. The high values found for Mn, Cu and Zn in the sampling points 3, 5 and 6 (intensive 
sugarcane cultivation) may be related to the application of correctives micronutrients. The soil correction is essential 
for crop productivity, mainly in Brazil, where more than 70% of the agricultural soils are acidic [9]. Aluminum is a 
naturally present element in soils and it is predominantly transported in river waters by the weathering processes and 
physical-chemical alterations of the alluvial sediments [10]. 
It must be taken into account that metals in river water have been sampled by passive sampling by means of DGT 
devices. These devices bind metals that are in ionic form and those forming labile inorganic or organic species, which 
are the potential bioavailable metal forms. So the sampling points that exceeded regulated benchmarks pose a real 
threat to some aquatic organisms. 
By comparing the metal results according to the season, a statistically significant difference (p<0.05) was found. 
Arsenic, Cr, Pb, Cu, Mn, Zn and Cd showed higher concentrations in river water during the wet season. This result 
indicates that the presence of these metals is closely related to the water volume into the river during the wet season, 
which may have origins in various sources such as soil contamination associated with the application of agricultural 
inputs, mining activities in the watershed, transportation of air pollutants by the rain, surface runoff from the city 
(urban pollution). 
3.2. Metal monitoring in Pardo River sediment 
Metal concentrations in sediments collected in the Pardo River are shown in Table 4. 
Table 4. Metal levels (in mg/kg) in Pardo River sediment in four sampling campaigns (SC).  
SC 1 (Dry) Al As Cr Pb Cu Mn Ni Zn Cd Hg Tl Be Sn V 
Mean - 0.83 21.58 79.40 18.98 1435 6.87 68.24 0.16 0.01 0.15 - - - 
St. Dev. - 0.70 17.46 177.18 10.70 2366 5.23 90.93 0.08 0.01 0.14 - - - 
Maximum - 1.81 46.14 440.93 38.77 6125 14.59 250.84 0.28 0.03 0.37 - - - 
Minimum - 0.24 8.26 2.95 10.94 151 2.56 12.21 0.06 0.01 0.05 - - - 
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SC 2 (Wet) Al As Cr Pb Cu Mn Ni Zn Cd Hg Tl Be Sn V 
Mean 6393 0.64 14.49 5.89 11.05 342 3.42 26.33 <LOQ 0.02 0.06 0.47 <LOQ 46.15 
St. Dev. 4610 0.30 8.25 4.17 8.87 285 2.11 14.7 <LOQ 0.02 0.04 0.31 <LOQ 30.19 
Maximum 13518 1.15 29.09 12.41 24.05 764 7.06 48.09 <LOQ 0.07 0.12 0.94 <LOQ 82.87 
Minimum 1505 0.39 5.00 1.26 1.87 89 1.01 5.91 <LOQ 0.01 0.05 0.1 <LOQ 10.36 
SC 3 (Wet) Al As Cr Pb Cu Mn Ni Zn Cd Hg Tl Be Sn V 
Mean 16286 0.75 20.43 10.15 11.62 397 n.d. 22.12 <LOQ <LOQ 0.16 0.51 0.11 57.31 
St. Dev. 9555 0.43 10.6 5.37 7.73 480 n.d. 9.84 <LOQ <LOQ 0.09 0.47 0.04 25.04 
Maximum 29103 1.32 36.53 19.32 21.8 1352 n.d. 37.58 <LOQ <LOQ 0.3 1.4 0.16 89.13 
Minimum 5110 0.26 7.14 5.84 5.42 25.21 n.d. 11.59 <LOQ <LOQ 0.05 0.16 0.1 26.69 
SC 4 (Dry) Al As Cr Pb Cu Mn Ni Zn Cd Hg Tl Be Sn V 
Mean 15741 0.84 25.81 10.36 20.26 1835 7.87 26.35 <LOQ 0.03 0.24 0.88 0.13 105 
St. Dev. 11780 0.63 19.88 6.90 16.09 3778 5.94 17.47 <LOQ 0.03 0.19 0.84 0.15 134 
Maximum 29414 2.09 52.21 19.77 50.48 9531 15.98 58.17 <LOQ 0.09 0.54 2.3 0.42 375 
Minimum 2498 0.40 5.48 2.59 3.32 80.38 1.56 6.28 <LOQ 0.01 0.07 0.1 0.1 12.57 
n.d.: not detected 
Aluminum was detected in elevated concentrations in both wet and dry season, if compared with the other metals 
analyzed. High concentrations of Al were found in a study realized in China, and it was attributed to the excessive 
industrial and agricultural activities [11], similar situation verified in the sample site of the present study. Manganese 
showed high concentrations as was expected, because of the geological composition of the sites [12]. 
The concentrations of Cu, Pb and Zn exceeded the EPA benchmarks for freshwater sediments [13], in sampling 
point 1 and Cu also for sampling point 4. These anomalous values, detected only in dry season, suggest industrial or 
urban pollution. Sampling point #1 is located between São José do Rio Pardo city and Caconde city, SP, and it is 
known that São José do Rio Pardo city have industries in the agricultural sector [14] and chemical sector [15], 
specifically in the production and development of products for industrial lubrication, anti-corrosive and fuel. Sampling 
point #4 is located in Ribeirão Preto city, just after the effluents disposal from municipal sewage treatment station 
[16].  
By comparing the metal results according to the season by Mann Whitney test, a statistically significant difference 
(p<0.05) was found for Ni and Cd, shown higher concentrations in river sediment during the dry season. 
3.3. Herbicides monitoring in Pardo River water 
The current results show that the herbicide atrazine was the most ubiquitous compound, detected in the sampling 
points #2, #3, #4 and #5 during the wet season, with the concentrations 0.32 ȝg/L, 0.19 ȝg/L, 0.16 ȝg/L and 0.18 ȝg/L, 
respectively. Similar results were found in vineyards areas of different morphological and climatological conditions 
in Spain [17]. The presence of this herbicide in water from different sampling sites suggests agricultural products 
contamination via storm water into the Pardo River. Atrazine, ametrine and hexazinone were detected with 
concentrations below to the LOQ in the sampling point #6, indicating a diffuse low-level contamination. 
Data on toxicity to fish indicate lethal concentration (LC50) 96 hours 76 mg/L for carp (atrazine) and 14.1 mg/L 
for goldfish (ametrine) [18], 0.25 (Sheepshead minnow), -0.02 (Mysid shrimp). Hexozinone is a non-selective contact 
herbicide that acts on the inhibition of photosynthesis, used in sugarcane, pineapple and non-agricultural areas. Studies 
on the chronic toxicity indicate the concentration of 0.32 mg/L for Daphnia magna, therefore the results obtained for 
the sampling point 6 indicates that the concentration of these herbicides no must have acute impact on fish or aquatic 
invertebrates. For green algae (Pseudokirchneriella subcapitatum) the acute toxicity is 0.0036 mg/L [19]. 
In the dry season the herbicides ametrine and hexazinone were detected at the sampling point #2 with the 
concentrations of 0.27 ȝg/L and 0.21 ȝg/L, respectively. Ametrine is a selective terrestrial herbicides registered for 
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use in sugarcane, banana, pineapple, citrus, corn, among others. This herbicide is transported from the soil by leaching 
relatively easy manner and some studies suggest concentrations dangerous to the aquatic biota in Brazilian rivers [20]. 
In this study, herbicides were detected in five of the six sampling points, and in the sampling point #2 (between the 
cities of Mococa and Casa Branca, SP, Brazil) was detected atrazine, ametrine and hexazinone. Next to that sampling 
point are chemical industries, tannery and dairy industry. The herbicide atrazine was determined at four sampling 
points, indicating the wide range of application in Pardo River Basin. The maximum recommended by the Brazilian 
legislation for atrazine in surface water is 2.0 ȝg/L [8], and in this study were found concentrations of 0.16 ȝg/L to 
0.32 ȝg/L. The detection of triazine herbicides in the environment in recent years has grown [21]. These herbicides in 
the environment can affect animals due to toxic effects on the endocrine system and carcinogenic potential [22]. 
Among the detected herbicides, the highest concentration was found to tebuthiuron (1.02 ȝg/L) in sampling point 
#6 during the wet season. Tebuthiuron is a nonselective herbicide, applied to the soil for use in permanent pasture, 
roads, transmission towers bases and poles. The Canadian water quality guideline for tebuthiuron, aiming at the 
protection of aquatic life is 1.6 ȝg/L, derived by multiplying the LOEL 0.016 mg/L for more sensitive organism 
(Selenastrum capricornutum) and safety factor of 0.1 [23]. 
4. Conclusions 
There is a considerable environmental pollution in the Pardo River, according to the concentrations in samples of 
water and sediments collected in different locations and seasons. Current levels for some elements are even higher 
than Brazilian legislation limits. Metals detected above national thresholds may be coming from urban sewage, 
fertilizers (Cd, Cu and Zn) and mining activities. The presence of herbicide in river water during the wet season from 
different sampling sites suggest the agricultural contamination via storm water into the Pardo River, mainly in the 
sampling point #6, which is located in an area with the predominance of sugarcane. As our findings have important 
public health implications, we suggest that the authorities should intensify the surveillance on agricultural inputs 
amount applied to the crops, in order to avoid the loss of substances applied in the soil to the water body, resulting in 
an economic lost and environmental impact. Also the authorities should supervise the respect to the size of the 
Permanent Protection Areas, because the proximity between the crops and the Pardo River may facilitate the diffusive 
pollution on the river. The industries and municipal sewage treatment stations have the obligation to respect the legal 
frameworks to discharge effluents on river water, so we suggest adjustments to the treatment system before the 
discharge on the Pardo River water. Sequential studies should also covered human health risk assessment. 
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